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CLAIMS 



[Claim(s)] 

[Claim 1] (REl-yLay) Nano compound magnetic material of the formula of 

vFelOO-y-w-x-zCowMzBx ; 

(At least 1 sort of rare-earth-elements ;M chosen from the group which RE 
becomes from Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) 
at least 1 sort of thermal-resistance metal ;v chosen from Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, and W — about 5- about 15 — ;w — 5 or;x [ larger ] 
than it — about 9- about 30 — ;y — about 0.05 - about 0.5;, and z — 
about 0. 1- about 5. 

[Claim 2] w is a larger nano composite material according to claim 1 
than 6 or it. 

[Claim 3] Nano composite material according to claim 1 which is at least 
one element chosen from the group which RE becomes from Nd, Pr, Dy, and 
Tb. 

[Claim 4] Nano composite material according to claim 1 which is at least 
one element chosen from the group which RE becomes from Nd and Pr. 
[Claim 5] at least 1 sort of thermal-resistance metal ;v chosen from the 
group which M becomes from Ti, V, Nb, Cr, and Mo — about 9- about 12 — 
;w — about 6- about 20; x — about 9- about 12 — ;y — about 0.05 - 
about 0. 1;, and z — about 0.5- a nano composite material according to 
claim 3 which is about 4. 

[Claim 6] at least 1 sort of thermal-resistance metal ;v chosen from the 
group which M becomes from Ti, Nb, and Cr — about 9.5- about 11.5 — ;w 
— about 6- about 15; x — about 10- about 12 — ;y — about 0.05 - about 
0.07;, and z — about 0.5- a nano composite material according to claim 

3 which is about 3. 

[Claim 7] M — Cr;v — about 9.5- about 11.5 — ;w — about 7- about 12; 
X — about 10.5- about 11.5 — ;y — about 0.05 - about 0.07;, and z — 
about 1- a nano composite material according to claim 3 which is about 



2. 5. 

[Claim 8] M — Ti;v — about 9.5- about 11.5 — ;w — about 7- about 12; 
X — about 10.5- about 11.5 — ;y — about 0.05 - about 0.07;, and z — 
about 1- a nano composite material according to claim 3 which is about 
2. 5. 

[Claim 9] Nano composite material according to claim 3 with x [ larger ] 
than about 9. 5 or it. 

[Claim 10] Nano composite material according to claim 3 with x 
[ larger ] than about 10 or it. 

[Claim 11] Nano composite material according to claim 3 with x 
[ larger ] than about 10. 5 or it. 

[Claim 12] Nano composite material according to claim 3 whose x is about 
10. 5 - abbreviation 30. 

[Claim 13] (REl-yLay) Bond magnet containing the nano composite material 
and the binder of a formula of vFelOO-v-w-x-zCowMzBx; 

(At least 1 sort of rare-earth-elements ;M chosen from the group which RE 
becomes from Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) 
at least 1 sort of thermal-resistance metal ;v chosen from Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, and W — about 5- about 15 — ;w — 5 or;x [ larger ] 
than it — about 9- about 30 — ;y — about 0.05 - about 0.5;, and z — 
about 0. 1- about 5. 

[Claim 14] The bond magnet according to claim 13 with which said binder 
constitutes about 0. 5 - about 4 wt(s)%. 

[Claim 15] The powdered nano compound magnetic material of the formula 
of vFelOO-v-w-x-zCowVlzIk is ofrorcd. ; (REl-yLay) The manufacture 
approach of a bond magnet including stiffening mixing [ with a binder ]- 
this powdered nano compound magnetic material;, and said binder, and 
making a bond magnet; 

(At least 1 sort of rare-earth-elements ;M chosen from the group which RE 
becomes from Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) 

at least 1 sort of thermal-resistance metal ;v chosen from Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, and W — about 5- about 15 — ;w — 5 or;x [ larger ] 
than it — about 9- about 30 — ;y — about 0.05 - about 0.5;, and z — 
about 0. 1- about 5. 

[Claim 16] Nano composite material according to claim 1 whose 
reinforcement of irreversible loss of induction is less than -4% when it 
heats at 180 degrees C over about 15 minutes. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a magnetic material especially iron, rare 
earth elements, boron, a heat-resistant metal, and a magnetic nano 
composite material containing cobalt. This is suitable to have desirable 
magnetism and manufacture a bond magnet. 
[0002] 

[Explanation of a background] 

Generally neodymium, iron, and the magnetic alloy containing boron are 
suitable to use it with sintering and a bond magnet for [ the ] 
desirable magnetism. Nd2Fel4 B phase is recognized as a hard magnetism 
phase which shows good magnetism especially. 
[0003] 

U. S. Pat. No. 4, 402, 770 of Koon, 4, 409, 043, and Re. No. 34, 322 

specification are indicating a lanthanum and other rare earth elements, 

iron and transition metals like cobalt, and the magnetic alloy that 
contains boron in a specific amount in a list. The publication of these 
patent specifications is referred to here, and is included in the 
publication of this invention here. Although this indicated alloy has 
good magnetism, such an alloy does not have the optimal property and is 
not available commercially. 
[0004] 

This invention offers good magnetism and this is suitable for it to 
commercial manufacture of a bond magnet. 

[0005] 

[The outline of invention] 

This invention offers the controlled nano compound magnetic material of 
a presentation. This can show the improved magnetism and can manufacture 



it easily. The purpose of this invention is offering the nano compound 
magnetic material which contains Fe, rare earth elements (preferably La, 
Pr, and Nd) , B, a heat-resistant metal, and Co at a specific rate. 
[0006] 

The presentation of this invention has the formula of vFe (Ndl-yLay) 100- 
v-w-x-zCowMzBx. at least one sort of heat-resistant metals with which M 
is chosen from Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and W here — it is — v - 

- about 5- about 15 — it is — w — 5 or it — large — x — about 9- 
about 30 — it is — y — about 0.05- about 0.5 — it is — moreover, z 

— about 0. 1- it is about 5. Preferably, M is Cr. 
[0007] 

The further purpose of this invention is offering a hard magnetism phase, 
a soft magnetism layer, and the nano compound magnetic material that 
contains a boron-ized thermal-resistance metal precipitate phase 
preferably. A hard magnetism phase is Nd2Fel4B preferably, and a soft 
magnetism layer includes alpha-Fe, Fe3B, or those combination preferably. 
An ingredient contains alpha- (Fe, Co) and R2 14 (Fe, Co) B phase most 
preferably. 
[0008] 

This invention offers the manufacture approach of a nano compound 
magnetic material. This approach solidifies quickly offering Fe, rare 
earth elements (preferably Nd and La), B, at least one sort of heat- 
resistant metals (preferably Cr), and the melting constituent containing 
Co, and this constituent, and includes making an amorphous ingredient 
substantially and processing this ingredient thermally in a list. 
[0009] 

[Detailed explanalion of a desirable mode] 

For those potential large remnant magnetism (Br) and a maximum energy 
product ((BH) max), nano composite material has been considerably 
studied for a bond magnet. By the NdFeB system, the nano compound magnet 
of two types, i.e., alpha-Fe/Nd2Fel4B, [l], and Fe3B/Nd2Fel4B [2, 3] 
have been developed. Br of such nano composite material may be located 
in a line with chemical composition, and may receive effect in 
distribution of alpha-Fe and Nd2Fel4B [1] or Fe3B, and Nd2Fel4B [2, 3], 
a volume fraction, and the average grain size of each phase considerably. 
Furthermore, Br and (BH) max are further improvable by making the 
saturation magnetization of a soft magnetism layer (alpha-Fe) and/or a 
hard magnetism phase (2:14:1 phases) increase. Similarly, proper 
coercive force (IHc) and rectangle nature (Squareness) are considerably 
influenced according to the permutation and the fine structure of an 
element [4.5, 6]. iHc is under 9k0e(s) (716kA/(m)) ** [ usually / 



composite material / conventional / NdFeB type / of 3 yuan / nano / the 
manufacture approach, or an element permutation / addition ]. Nd — 
eight — Fe — 87 — B5 — and — Nd — eight — Fe — 87. 5 — B4 . — 
five — exchange — coupling (exchange coupled) — alpha-Fe/Nd — two — 
Fe — 14 — B — a type — nano — composite material — very much — 
being large — Br (12. 5kG (1. 25T)) — and — (— BH — ) — max (23. 3MG0e 
(185 kTA/m)) — [ — seven — ] — being shown — things — reporting — 
having — **** . However, small iHc (5. 3kOe (422 kA/ra) restricts the 
application to a specific field like a micro motor.) 
[0010] 

The presentation of the ingredient of this invention is good with the 
ingredient which has the formula of vFe (REl-yLay) lOQ-v-w-x-zCowMzBx. at 
least one sort of heat-resistant metals with which RE(s) are at least 
one sort of rare earth elements except La, and M is chosen from Ti, Zr, 
Hf, V, Nb, Ta, Cr, Mo, and W here — it is — v — about 5- about 15 — 
it is — w — 5 or it — large — x — about 9- about 30 — it is — y - 
- about 0. 05- about 0. 5 — it is — moreover, z — about 0. 1- it is 
about 5. 
[0011] 

As suitable rare earth elements. La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, and Lu can be mentioned. The whole rare-earth-elements 
inclusion of the constituent of this invention makes reference as "TRE" 
here. The vocabulary "RE" used here means all the suitable rare earth 
elements except La. Desirable RE elements are Nd, Pr, Dy, Tb, and those 
mixture, and Nd, Pr, and those mixture are the most desirable. As a 
suitable hoa t-rosistant metal, the element of the IVb group of a 
periodic table, Vb group, and a Vlb group can be mentioned, and these 
are Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and W. The heat-resistant metal 
inclusion in the constituent of this invention makes reference as "M" 
here. M is at least one sort of heat-resistant metals chosen from Ti, V, 
Nb, Cr, and Mo preferably. M is at least one sort of heat-resistant 
metals chosen from Ti, Nb, and Cr more preferably. M is Cr, Ti, or those 
combination most preferably. Generally the advantage by adding cobalt to 
the nano composite material of this invention starts being brought about 
at about 1% - about 40%. However, especially the desirable constituent 
of the ingredient of this invention contains more Co(es) than about 5% 
or it. The typical and desirable and more desirable range of TRE, B, M, 
and Co is shown in the following tables. 
[Table 1] 
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[0012] 

The magnetic material of this invention is preferably manufactured 
according to the process of quick solidification and heat treatment. 
Quick solidification is attained by cooling a constituent quickly from a 

melting-like object by technique like melt spinning, jet casting, melt 
extraction, spraying, and scattering (splat) cooling. The cooling rate 
of per [ 104 / about ] second - 107 degrees C of abbreviation is used 
typically, and cooling rates are per [ 105 / about ] second - 106 
degrees C of abbreviation preferably. The ingredient solidified quickly 
is substantially amorphous preferably. After making it solidify quickly, 
it can heat-treat grinding an ingredient, grinding and heat-treating, or 
directly. 
[0013] 

The constituent of this invention has the improved workability and 
enabling use of a comparatively late quick solidification rate is found 
out. For example, between melt spinning processes, a comparatively late 
rotating wheel rate can be used, and/or the comparatively large 
ingredient volume can be processed. Since the melting alloy puddle 
(puddle) in contact with a spinning wheel is more stable substantially 
when a wheel rate is slow, the capacity which uses a comparatively late 



melt spinning wheel rate is important. Furthermore, the capacity to 
process the ingredient of the comparatively large volume enables 

reduction of processing cost. 
[0014] 

After solidifying a constituent quickly and changing into an amorphous 
condition substantially, it is desirable to process thermally and to 
bring about spontaneous crystallization. When using it here, the 
vocabulary of a crystal grain child "spontaneous crystallization" is 
quick, and means homogeneous formation substantially. Performing 
spontaneous crystallization by heating an ingredient to specific 
temperature over the controlled period preferably, this brings about a 
crystal grain child' s nucleation without the continuing substantial 
particle growth. About 600 degrees C - about 645 degrees C - about 700 
degrees C about 750 degrees C are about 645 degrees C - about 655 
degrees C most preferably preferably [ about 400 degrees C - about 800 
degrees C heat is suitable, and ]. The heating time of about 0.001 
seconds - about 2 hours is desirable, and is about 8 - about 11 minutes 
most preferably for about 0. 01 seconds to about 0. 15 minutes. An 
ingredient can be heated in the suitable equipment of arbitration, for 
example, a furnace. Continuation and/or the heating approach of a batch 
type can be used. Preferably, an ingredient is heated to the 
crystallization temperature, and before substantial particle growth 
takes place, it removes a heat source. 
[0015] 

The thing oC ihc shape of powder of the nano compound magnetic material 
of this invention is suitable to use it for manufacture of the bond 
magnet in which good magnetism is shown. The conventional approach of 
the arbitration which prepares a bond magnet can be used. Preferably, it 
mixes with a binder and a nano compound powder-like magnetic material is 
stiffened. A binder constitutes about 0. 5 - about 4 wt(s)% of a bond 
magnet preferably. 
[0016] 

the time of making it nano composite material heating an ingredient at 
about 180 degrees C, and maintaining it for about 15 minutes — the 
irreversible loss (reinforcement) of induction (induction) - less than 
about 4% — desirable - making it to less than about 3. 5% is found out. 
[0017] 

[Experiment] 

Although the following examples show various fields of this invention, 
they are not what meant restricting the range of this invention. 
[0018] 



Table I: Br of 650 degrees C over [ with spinning carried out ] for 10 
minutes to a list, 675 degrees C, and 9. 5 (NdO. 95LaO. 05) Fe78Cr2B10. 5 
ribbon after 700-degree C heat treatment, iHc, and (BH) max [Table 2] 
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lkG=0. lTlk0e=79. 577 kA/mlMG0e=7. 9577 kTA/m[0019] 

Table 11: Comparison of Br of 9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 (x=0- 
10) ribbon after the optimal processing, iHc, and (BH) max [Table 3] 
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lkG=0. lTlkOe=79. 577 kA/mlMG0e=7. 9577 kTA/m[0020] 

Table 111: iHc of 9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 (x=0-10) ribbon 
after the optimal processing, irreversible loss of induction, and 
comparison of the reversible temperature coefficient (generally known as 
alpha) of induction [Table 4] 
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lkOe=79. 577 kA/m [0021] 

(NdO. 95LaO. 05) The alloy ingot of a presentation of 9. 5Fe78-xCoxCr2B10. 5 
(x=0-10) was prepared by reduced pressure induction melting. About 3g 

piece of an ingot is ground to a small fragment, and it carries out as 
[ suitably / for the magnitude of the end crater which gets for melt 
spinning ]. The quartz nozzle which has the orifice whose diameter is 
about 0. 7-0. (Smm was used, and melt spinning was performed. The ribbon 
made the wheel rate (Vs) about 15 - about 25 m/s, and manufactured it. 
The X-ray powder diffraction in a Cu-K alpha emission is used, and 
extent of the crystal of a ribbon is measured. A magnetic phase and 
corresponding curie temperature (Tc) were related with performing 
thermogravimetric analysis (TGA) with the application of the external 
magnetic field of 500e(s) (3.979 kA/m) so that it may generally be known 
as heat magnetic analysis (TMA) , and were measured. The amorphous ribbon 
was thermally processed on the selected partial target over about 10 
minutes at the temperature of about 650 degrees C - about 700 degrees C, 
and crystallization was brought to him, and magnetism was improved. A 
ribbon [ having quenched ] and the ribbon processed thermally are 
magnetized in the pulse magnetic field of about 50 kOe(s) (3.979 MA/m), 
and the magnetism of a ribbon is measured with the oscillating sample 
magnetometer (Vibrating Sample Magnetometer) (VSM) which applies the 
magnetic field of 12kOe. An open circuit property, i.e., the 
irreversible loss of induction, is the cycle of about 2 - 180 degrees C 



of abbreviation, and it sets the magnetic field applied to 0, and 
measures it by arranging the ribbon magnetized completely [ abbreviation 
4mmx2. 5mmx50mm magnitude ] in VSM. The remnant magnetism analysis [8, 9] 
of Wohlfarth was used, and permuting Fe by Co partially measured the 
effect which it has on the reinforcement of the exchange coupling 
interaction (exchange-coupled interactions) of the ingredient obtained. 
[0022] 

Drawing 1 shows Br of the ribbon of 9. 5 (NdO. 95LaO. 05) Fe78Cr2B10. 5 after 
soaking (650 degrees C over for about 10 minutes, 675 degrees C, and 700 
degrees C) , IHc, and (BH) max to the condition [ having carried out melt 
spinning ] (Vs=25 m/s) and the list, respectively. It means making it 
simple and Br of these samples, iHc, and (BH) max are mentioned to Table 
1 for reference. Although heat treatment of having carried out spinning 
is omitted, Br, iHc, and (BH) max are comparatively small, and it is 
7. 6kG(s) (0. 76T), 9. 9k0e (787. 8 kA/ra), and 8. BMGOe (s) (67. 6kTA/ra), 
respectively, and it is thought that this originates in imperfect 
crystallization of a ribbon. This is clearly shown by by piling up the 
description of the 2: 14: I and the alpha-Fe peak which are shown in 
drawing 2 , and the large peak of an amorphous precursor. After suitable 
annealing treatment, both Br and (BH) max are improved intentionally. 
After heat treatment for 10 minutes, (BH) max of Br of 8. 4kG (0. 84T) , 
iHc of 10. 3kOe (820 kA/ra), and 14MG0e(s) (111 kTA/ra) is obtained at 650 
degrees C. If it processes at an elevated temperature, about 675 
[i.e., ], or 700 degrees C comparatively, a remarkable reduction of Br 
and (1511) mnx will bo observed. This shows that delicate particle growth 
or phase transition has happened. Br and (BH) Unlike max, iHc is still 
comparatively fixed after [ any ] heat treatment at 9. 5-9. 9kOe (756 - 
788 kA/m). From all these values, it is suggested at about 650 degrees C 
that the processing for about 10 minutes is heat treatment desirable 
into the ingredient of this invention. 
[0023] 

Drawing 3 shows change of optimal Br, iHc, and (BH) max about heat 
treatment about Co content of a series of alloys of 9. 5 (NdO. 95LaO. 05) 
Fe78. 5-xCoxCr2B10. 5. introduction, Br, and (BH) max — low Co content, 
i. e. , x=, — it is still about 1 law in 2. 5 and 5, and if x increases to 
7. 5 **, it will increase. 9. x is obtained for larger Br and larger (BH) 
max than IkG (0. 91T) and 15. 8MG0e(s) (126 kTA/m) by the sample of 7.5 
and 10. Such a large value of Br has suggested existence of the 
substantial exchange coupling interaction between a hard phase and an 
elasticity phase magnetically. It is thought that permuting Fe by Co 
does not affect iHc in operation. In the presentation of this experiment, 



iHc is changing in the range of 9. 5-10. 3kOe (756 - 820 kA/ra). When x is 
10, (BH) max of Br of 10. 4kG (1.04T), iHc of 9. 5kOe (756 kA/ra), and 
19. 8MG0e(s) (185 kTA/ra) is attained by the ribbon. As for large iHc, it 
is as conflicting as anticipation of decreasing substantially iHc frora 
which the anisotropy constant of a hard magnetism phase is made sraall, 
and nano composite material is obtained to permute Fe by Co. Change of 
the fine structure of an alloy with large Co content may play a role 
important for explaining the large value of iHc maintained. Addition of 
Co in case Cr exists changes the liquid property of the precursor alloy 
for raelt spinning, and can carry out [ theory ]-izing of the ability to 
reforra the fine structure of nano composite material. Since it is simple, 
Br of this alloy of a series of, iHc, and (BH) max are shown and 
compared with Table II. Drawing 4 shows the 2nd quadrant demagnetization 
curve of the ribbon of 9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 (x=0-10). It 
is thought that the configuration where the demagnetization curve was 
square, and iHc are not influenced by the amount of Co permutation. 
Therefore, following change of Br theorizes the change of (BH) max by Co 
content. 
[0024] 

In order to understand the device of the change of Br and (BH) max by 
the amount of Co permutation, transition of the magnetic phase by Co 
content was examined in the temperature requirement of about 25 - 900 
degrees C of abbreviation. Drawing 5 (a), (b), (c) , (d) , and (e) show 
the TMA scan of 9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 ribbon (respectively 
x= 0, 2.5, 5.0, 7.0, and 10) carried out in the optimal processing. As 
for the reference saraple (x= 0), only two raagnetic phases, i.e., R2Fel4B, 
and alpha-Pe were found out. When the Co content x incrcHsos Tc of the 
phase of 2:14:1 to 10 from 0, it turns out that it is going up at about 
289 to about 393 degrees C. Probably this has suggested that Co puts 
into the crystal structure of Nd2 (Fe, Co) 14 B phase. When x increases 
to 10 frora 0, it also turns out that Tc of alpha-Fe is also going up at 
about 712 to about 860 degrees C. Moreover, this change of Tc has 
suggested that Co can forra the dissolution liquid of alpha- (Fe, Co). 
[0025] 

X line diffraction (XRD) and a transmission electron microscope (TEM) 
also compare the average grain size of the ribbon processed the optimal. 
Drawing 6 (a), (b), (c), (d), and (e) show the XRD pattern of the ribbon 
on which it experimented. It is shown that the average grain size of 
these saraples is alpha- (Fe, Co) phase and 2:14:1 phases, and the sarae 
peak width in all the examined samples is almost the same. Drawing 7 (a), 
(b), and (c) show the TEM analysis of 9. 5 (NdO. 95LaO. 05) Fe78- 



xCoxCr2B10. 5 of x= 0, and 5 and 10, respectively. Some particle growth 
took place with the alloy containing 5% of Co (see drawing 7 (a) and the 
(b)). The difference of average grain size when x increases to 10 from 5 
becomes comparatively quiet as shown in drawing 7 (b) and (c) . However, 
if X increases to 10, the grain boundary will be comparatively 
indefinite and enclosure rare skill will be carried out with the 2nd 
(smudged) blurred phase (not shown). This change of the fine structure 
may explain the reason without regards to Co content in iHc. 
[0026] 

Drawing 8 is the plot of deltaM (=md(H)- (l-2mr(H))) about the magnetic 
field applied to the ribbon of 9. 5 (NdO. 95La0. 05) Fe78-xCoxCr2B10. 5 (x= 0, 
2.5, 5, 7.5 and 10) of five examined composite material, md is the 
magnetization which decreased here and mr is the remnant magnetism which 
decreased [8, 9]. The height of forward deltaM peak in these plots shows 
existence of the exchange coupling interaction between a hard phase and 
an elastic phase magnetically. If change of large Br which reaches x=7. 5 
and is found out by 10, the phenomenon in which a particle becomes 
coarse, and the fine structure is combined, and the increment in Br of 
these two samples and (BH) max can originate in the increment in the 
saturation magnetization of both alpha- (Fe, Co) phase by Co permutation, 
and 2:14:1 phases, it can come to a conclusion. Furthermore, this 
reached a compromise in the exchange coupling interaction promoted by 
detailed average grain size, made the particle coarse, changed the fine 
structure, and it has also suggested it that it is the need to attain 
largest Br in the ingredient (5< x<10) of large Co concentration and 
(BH) max. As mentioned above, when Fc is permuted by Co, Tc of 2:14:1 
phases increases and ihis has ihaL it is also desirable for the 
application of a high operating temperature. 
[0027] 

Table III shows change of iHc, the irreversible loss of induction, and 

the reversible temperature coefficient alpha of induction about Co 
concentration of the examined ingredient. In the case of x= 0, 
irreversible loss and alpha are -3. 5% and -0. 184%/degree C, respectively. 
If Fe is permuted by Co and x changes from 0 to 10, alpha will decrease 
[ degree C ] in -0. 184%/degree C to -0. 105% /. This reduction of the 
reinforcement of alpha may be directly related to the increment in Tc so 
that it may be observed with a sintering Nd(Fe, Co) B magnet [10]. 
However, it is thought that the content of Co in a constituent and a 
correlation do not have irreversible loss, and it is changing to -2. 7 to 
3. 5%. In the case of x= 10, -3. 4% of irreversible loss and -0. 105% 
[/degree C ] alpha are obtained. These values are equal to available 



NdFeB powder (-4.5% of irreversible loss, and -0.105% [/degree C ] 
alpha) commercially for the application of a bond magnet. 

[0028] 

Two magnetic phase, i. e. , alpha-Fe, and R2Fel4B exists in the magnetic 
material of this invention processed the optimal. The ribbon of 
9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 (x=0-10) can be mentioned preferably 
as an example of the ingredient of this invention. Permuting ******** 
and Fe by Co raises the curie temperature (Tc) of both alpha- (Fe, Co) 
phase and R2 (Fe, Co) 14 B phase (for example, in [ desirable ] x=2. 5- 
10). Br and (BH) max are also increasing by the sample with the high 
content of Co. Exchange coupling between a hard phase and an elastic 
phase is also magnetically observable. TEM analysis shows that permute 
by slight Co (x= 2.5 and 5), and a particle becomes coarse by the ribbon 
processed the optimal. If x becomes larger than 6 or it, it becomes 
comparatively clear less that a particle becomes coarse. For example, in 
x= 10, the blurred grain boundary phase (not shown) which encloses the 
main phases is observed. (NdO. 95LaO. 05) In a desirable presentation like 
9. 5Fe68CoI0Cr2BI0. 5, (BH) max of Br of 10. 4kG (1.04T), iHc of 9. 5kOe 
(756 kA/m), and 19. 8MG0e(s) (158 kTA/m) is obtained. Furthermore, it is 
found out that the reinforcement of the reversible temperature 
coefficient of induction of the ingredient processed completely 
decreases with the increment in Co content. 
[0029] 

If it collects, the phase transition of melt spinning nano composite 
matorial 10. o (x=0-10), for example, (NdO. 95La0. 05) , 9. 5Fe78-xCoxCr2B, 
and magnetism show two magnetic phases (Fe, Co), i.e., alpha-, and R2 
(Fe, Co) 14B. For example, permuting Fe by Co by x=2. 5-10 enlarges curie 
temperature (Tc) of both alpha- (Fe, Co) phase and R2 (Fe, Co) 14 B phase 
at a rate of about 20 degrees C per 1% of Co permutation objects. It is 
observed by the ribbon with small (for example, x= 5) Co content 
processed the optimal that a particle becomes coarse slightly. 
Furthermore, if Co content increases, the effect on the average grain 
size obtained will be lost. Instead, in x= 10, a strange grain boundary 
phase encloses the main phases of a ribbon. It is thought that change of 
this fine structure is one reason nil why IHc larger when Co content 
increases than 9. 5kOe(s) (756 kA/m) is maintainable. Exchange coupling 
between a hard phase and an elasticity phase is magnetically observed by 
all samples, remnant magnetism Br and maximum energy product (BH) max — 
x= — it was considerably improved by 7. 5 and 10. This is considered to 
originate in exchange coupling between them at the increment in the 
saturation magnetization of alpha- (Fe, Co) and R2 (Fe, Co) 14B, and the 



list. (NdO. 95LaO. 05) In 9. 5Fe68ColOCr2B10. 5, (BH) max of Br of 10. 4kG 
(1.04T), iHc of 9. 5kOe (756 kA/in) , and 19. 8MG0e(s) (158 kTA/tn) is 
attained. Furthermore, it is found out that the reversible temperature 
coefficient (usually referred to as alpha) of induction of the 
ingredient processed the optimal decreases with the increment in Co 
concentration. 
[0030] 
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[Brief Description of the Drawings] 
[Drawing 1] 

Drawing 1 shows the magnetic engine performance of the ribbon of 



9. 5 (NdO. 95LaO. 05) Fe78Cr2B10. 5 after a condition [ having carried out 
spinning ] (Vs=25 m/s) and the optimal heat treatment. 

[Drawing 2] 

Drawing 2 shows x line diffraction pattern of the ribbon of 

9. 5 (NdO. 95LaO. 05) Fe78Cr2B10. 5 which carried out melting quenching by 

Vs=25 m/s. 

[Drawing 3] 

Drawing 3 shows the magnetic property of the ribbon of 9. 5 (NdO. 95LaO. 05) 
Fe78-xCoxCr2B10. 5 (x=0-10) after the optimal heat treatment. 

[Drawing 4] 

Drawing 4 shows the demagnetization curve of the ribbon of 

9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 (x=0-10) after the optimal 

processing. 

[Drawing 5] 

Drawing 5 shows the TMA scan of 9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 
(x=0-10) processed thermally. Here, it is (a)x=0, (b)x=2. 5, (c)x=5, 
(d)x=7. 5, and (e)x=10, and two magnetic phases, 2:14:1 [ i.e., ], 
existence of alpha-Fe, and the rise of Tc in both phases are shown. 
[Drawing 6] 

Drawing 6 shows x line diffraction pattern of the ribbon of 
9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 after performing optimal heat 
treatment. Here, it is (a)x=0, (b)x=2. 5, (c)x=5, (d)x=7. 5, and (e)x=10. 
[Drawing 7] 

Drawing 7 shows the TEM fine structure of the ribbon of 9. 5Fe78- 
xCoxCr2B10. 5 which has the optimal magnetism (NdO. 95LaO. 05) . Here, it is 

(a)x=0, (b)x=5, and (c)x=IO. 
[Drawing 8] 

Drawing 8 shows change of deltaM when applying an external magnetic 
field to the alloy ribbon of 9. 5 (NdO. 95LaO. 05) Fe78-xCoxCr2B10. 5 (x=0- 
10). 



[Translation done. ] 
* NOTICES * 

JPG and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
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